The process of autophagy has a dual role in metabolism and intracellular quality control. The formation and exact origins of autophagosomes -the doublemembrane organelles capturing cytoplasmic cargo during autophagyremain an unresolved focal point of autophagy research [1, 2] . The line-up of 'usual suspects' contributing to autophagosome formation includes a somewhat mystifying spectrum of membranes originating from the endoplasmic reticulum (ER), ER-Golgi intermediate compartment (ERGIC), Golgi, mitochondria, plasma membrane and recycling endosomes [1] [2] [3] . There are nevertheless several a priori reasons for multiple organelles to contribute to autophagosomal biogenesis. One of them is aligned with the recent realization and general trend in cell biology that material exchange and organelle biogenesis/remodeling occur at membrane contact sites involving different organelles [4] . Indeed, contact sites between the ER and mitochondria or the ER and the plasma membrane [5, 6] have been reported as contributing to autophagosome biogenesis, whereas Golgi-lysosome contact sites may control signaling by mTOR, an upstream regulator of autophagy [7] .
It turns out that even autophagosomes, as they become distinct organelles, engage in their own membrane contact sites with the ER. These morphological phenomena are now supported by mechanistic explanations and molecular underpinnings. For example, the ER membrane protein VMP1 [8] , localizing at the various contact sites between the ER and mitochondria, lipid droplets and endosomes [9] , is important for interactions between the ER and the autophagosomal isolation membrane (IM) and is key to the separation of the ER and IM during autophagy progression, as recently shown by Hong Zhang and colleagues [10] . Now, a nearly simultaneous follow-up study by the same group [11] , published in this issue of Current Biology, provides mechanistic details about other ER proteins, VAPA and VAPB. VAPs interact with multiple autophagy proteins to modulate ER-IM contacts during autophagosome formation before they separate from the ER. The significance and impact of the findings in these two studies [10, 11] are best understood when considered in combination and will be jointly discussed here.
ER and Autophagosomes
It is difficult to ascertain the exact location of autophagosome nucleation, given that the ER extends throughout the cell. Membranes enriched in phosphatidylinositol 3-phosphate (PI3P) form at DFCP1-positive subdomains of the ER known as omegasomes [12] . This localized synthesis of an autophagydedicated pool of PI3P is accomplished by the recruitment of an autophagyassociated complex comprising the class III phosphatidylinositol 3-kinase PI3KC3 (VPS34), ATG14L and Beclin-1. The PI3P enrichment leads to formation of the ER cradle, from which the IM grows. Here, the ER and IM are interconnected by narrow membrane extensions that are continuous with the IM and ER and are dependent on FIP200 (a part of the protein kinase ULK1 complex initiating autophagy downstream of mTOR), but not ATG5 and ATG7, factors involved in the wellknown LC3 lipidation reaction, which is often synonymous with autophagy, although its exact role beyond being a quintessential marker/targeting tag for autophagosomes is not quite clear [13] . Furthermore, ER membranes are closely apposed to the IM on both sides of the IM membrane [14, 15] . Thus, it is important to understand not only how IM is made but also how it is eventually freed to form a 'standalone' autophagosome. In this context, there is a strong need to identify ER membrane proteins that facilitate the contacts between the ER and the growing IM as well as to understand how they control the separation of the IM from the ER.
ER Membrane Contact Sites in Autophagosome Biogenesis
The ER, besides its classical role in the synthesis, modification and transport of proteins, contacts many other endomembrane compartments via the formation of contact sites [4] . These sites were initially noted for their role in the transfer of lipids and Ca 2+ between organelles [4] . More recently, it has become evident that membrane contact sites are sites of organelle biogenesis, signaling, and assembly of specific tethering complexes [4] . Lipid exchange between organelles at these sites is required for membrane biogenesis, while Ca 2+ exchange regulates various aspects of organelle dynamics. Notably, ERmitochondria contact sites [5] are involved in the recruitment of machinery for autophagosome biogenesis, whereas the ER-plasma membrane contact site is another site for autophagosome biogenesis, here involving the tethering proteins extended-synaptotagmins (E-Syts) [6] .
VAP: Access Point for Atgs at the ER Vesicle-associated membrane proteinassociated proteins VAPA and VAPB are tail-anchored ER-localized proteins that are involved in contact sites between the ER and other membranes [4] . VAP proteins help to generate tethers by direct interaction with FFAT motifs (comprising two phenylalanines in an acidic tract) in target proteins [16] and assist in membrane contact formation across adjacent bilayers. Tethering of the ER to mitochondria is regulated by an interaction between VAPB and the mitochondrial protein PTPIP51 and is required for Ca 2+ homeostasis as well as for regulation of autophagy [17] . Although the role of VAPs in modulating ER contact sites with various organelles has been characterized, the precise role of these proteins in autophagy regulation was elusive until the study by Zhao et al. [11] . In their study, the authors elegantly demonstrated the importance of VAPA and VAPB in modulating ER-IM contact and ultimately autophagosome formation ( Figure 1A ). Previous studies highlighted the involvement of VAPB in autophagy by mediating Ca 2+ exchange between the ER and mitochondria [17] . However, the study by Zhao et al. [11] shows for the first time that VAPA and VAPB directly interact with the autophagy proteins ULK1 and FIP200.
VMP1 in Autophagosome Release from the ER VMP1 was initially identified as a gene activated during acute pancreatitis, whose overexpression leads to vacuolization and cell death; these vacuoles were eventually described as being positive for LC3, a protein traditionally associated with autophagosomes [18] . VMP1 is a homolog of the Caenorhabditis elegans gene epg-3, identified in worm genetic screens that set out to expand the repertoire of autophagy factors beyond the yeast model [19] . VMP1 plays an essential role in the regulation of ER-IM contacts through SERCA-pumpdependent disassembly of these contacts and eventual progression to autophagosome completion and separation from the ER ( Figure 1B ) [10] .
Interestingly, E-Syts, which control autophagosome biogenesis at the ERplasma membrane contact sites [6] , are engaged in PI3P synthesis via the recruitment of VMP1 in apparent congruence with the previously reported interactions between VMP1 and Beclin-1, a component of the PI3K complex [8] .
At first blush, and seemingly contradictory to this, VMP1 depletion can enhance Beclin-1-Atg14-VPS34 complexes [10] , but this seems to be related to the role of PI3P in maintaining the ER-IM contacts, which eventually have to be disassembled to allow the release of autophagosomes from the ER. It is possible that VPS34-mediated production of PI3P allows the IM to The ER has extensive membrane contact sites (MCS) with different organelles, including autophagic structures. (A) VAPA/B interact with autophagy proteins FIP200 and ULK1 at the ER-IM contacts and contribute to autophagic isolation membrane (IM) biogenesis. Note the additional ER contacts with mitochondria (Mito), and lipid droplets (LD). DFCP1 is a marker for PI(3)P-positive omegasomes.
(B) VMP1 severs membrane contact sites by activating SERCA and is required for the dissociation of fully formed autophagosomes from the ER. In additional activities, VAPB is involved in ER-Mito contact sites in association with PTPIP51. VMP1 controls other ER membrane contact sites, e.g. with mitochondria and lipid droplets. The absence of VMP1 prevents severing of ER contact sites with a variety of organelles. VMP1 interacts with the ER-PM tethering proteins E-synaptotagmins (E-Syts) and plays a role in autophagosome formation at the ER-PM contact sites.
grow until VMP1-triggered activation of SERCA and depletion of Ca
2+
terminates the activity of VPS34, which depends on Ca
-calmodulin binding [20] . Incidentally, VMP1 is also involved in contact sites between the ER and mitochondria, lipid droplets and endosomes [10] , suggesting a common role in the regulation of these sites.
Conclusions
The studies on VAPs and VMP1 are best appreciated when considered in combination. As VAPA and VAPB work to keep the IM and ER associated, this likely precedes the action of VMP1, which helps to sever the IM and ER links ( Figure 1A,B) . Together, these papers advance our knowledge about the role of ER-resident proteins in directly modulating ER-IM contacts and provide a very specific molecular apparatus for autophagosome biogenesis at the ER. Several questions arise from this work. How universal are these processes: are they needed for all types of macroautophagy? Are VAPs and VMP1 organized in a functional way and, if so, how? Also, how are they temporally coordinated? Is PI3P production and its cessation necessary for this orchestration? If so, what determines the switch? Is there a role for membrane scission in IM detachment from the ER? Albert Einstein once said: ''As the circle of light increases, so does the circumference of darkness around it.'' Zhang and colleagues have shone a powerful light on early stages of autophagy, but now there is much more to study and understand.
